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ABSTRACT 
 
 
 
 
Geopolymer is a binding material produced from the reaction of silica and 
alumina (in a source material of geological origin or in by-product material), with 
alkaline solutions.  The use of geopolymer as cement replacement material in concrete 
might be able to reduce the pollution due to the emission of carbon dioxide to the 
atmosphere generated from the production of Ordinary Portland Cement (OPC).  This 
thesis presents the results of laboratory investigation on geopolymer mortar cubes in 
which the durability of specimens was studied.  The cement replacement materials used 
were Palm Oil Fuel Ash (POFA) and Pulverized Fuel Ash (PFA), with a mass ratio of 
sand to blended ash of 3:1, while the alkaline solution was made of sodium silicate and 
sodium hydroxide with the mass ratio of 2.5:1 and has concentration of 14 Molar.  In 
order to determine the optimum mix proportion at a specified compressive strength of 
normal mix using OPC, mortar cubes containing various ratios of POFA to PFA were 
tested with the target of using as much POFA as possible in the mixture.  With the 
optimum mix proportion, that is 30:70, geopolymer mortar in the forms of 70x70x70 
mm cubes were cured at room temperature of 28ºC for 28 days and heat cured at 90ºC 
for 24 hours, were tested for durability.  The performances were measured in terms of 
water absorption, water permeability coefficient, drying shrinkage, sulphate resistance, 
acid resistance, chloride ion penetration resistance, dry-wet cyclic resistance and 
elevated temperature resistance.  The evaluations were done through visual observation, 
measurement of mass change and residual compressive strength.  The test result shows 
that the heat cured geopolymer mortars possess higher degree of durability compared to 
those using OPC.  This suggests that geopolymer with correct proportion may be used as 
cement replacement material in the production of a more environment-friendly concrete.  
vi 
 
 
ABSTRAK 
 
 
 
 
Geopolymer adalah bahan pengikat yang dihasilkan dari tindak balas silika dan 
alumina (dalam bahan sumber asal geologi atau bahan produk), dan diaktifkan oleh 
larutan alkali.  Penggunaan geopolymer sebagai bahan gantian dapat mengurangkan 
pencemaran yang disebabkan oleh pelepasan karbon dioksida ke atmosfera yang dijana 
daripada pengeluaran Simen Portland Biasa (OPC).  Tesis ini membincangkan hasil 
kajian ketahanan ke atas kiub mortar geopolymer.  Bahan gantian simen yang digunakan 
adalah dari campuran bahan api abu kelapa sawit (POFA) dan abu bahan api terhancur 
(PFA), dengan nisbah jisim pasir kepada abu campuran 3:1, manakala larutan alkali 
diperbuat daripada campuran sodium silikat dan sodium hidroksida dengan nisbah jisim 
2.5:1 mempunyai kepekatan 14 Molar. Dalam penentuan perkadaran campuran optimum 
pada kekuatan tertentu mampatan campuran biasa menggunakan OPC, kiub mortar yang 
mengandungi campuran POFA dan PFA telah diuji dengan sasaran menggunakan POFA 
seberapa banyak yang mungkin di dalam campuran geopolymer. Menggunakan nisbah 
optimum yang diperolehi iaitu 30:70, spesimen mortar geopolymer dibancuh di dalam 
70x70x70 kiub mm dan dibiarkan pada suhu bilik 28ºC selama 28 hari, dan pada suhu 
90ºC selama 24 jam.  Penilaian diukur dari segi penyerapan air, kebolehtelapan, 
pengecutan pengeringan, rintangan sulfat, rintangan asid, rintangan penembusan ion 
klorida, rintangan kitaran kering basah dan rintangan suhu.  Penilaian telah dilakukan 
melalui pemerhatian visual, pengukuran perubahan jisim dan kekuatan mampatan sisa.  
Keputusan ujian menunjukkan bahawa geopolymer mortar yang dibiarkan pada suhu 
90ºC mempunyai tahap rintangan yang lebih tinggi berbanding menggunakan OPC.  Ini 
menunjukkan bahawa geopolymer dengan kadar yang betul boleh digunakan sebagai 
bahan gantian simen dalam menghasilkan konkrit yang lebih mesra alam. 
